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,QVHFRQGFDVHWKHZDYHFKDQJHVSRODUL]DWLRQDWWKHOD\HUERXQGDU\7KHUHPDLQLQJHQHUJ\LVWUDQVPLWWHGGHHSHULQWR
WKHVDQGEDFNILOO7KHLQWHUIDFHFDQEHREVHUYHGRQO\LIWKHOD\HUVDUHEXLOWIURPPDWHULDOVZLWKGLIIHUHQWGLHOHFWULF
FRQVWDQWVWKXVGLIIHUHQWZDYHSURSDJDWLRQYHORFLWLHV+HUHWKHOD\HUVRIVDQGEDFNILOOZHUHSUHSDUHGIURPWKHVDPH
PDWHULDOWKXVWKHUHIOHFWLRQIDFWRUīVKRXOGEH]HUR7KHUHIRUHWKHLQWHUIDFHYLVLEOHEHWZHHQWKHOD\HUVRIVDQGEDFNILOO
LQGLFDWHV WKH SUHVHQFH RI DZDWHUSURRILQJPHPEUDQH 7KH UHIOHFWLRQ IDFWRU IRU WKH VDQG EDFNILOO  VWHHO VWUXFWXUH
LQWHUIDFHLVī GXHWR WKHIDFW WKDWPHWDO LVDSHUIHFWUHIOHFWRU,WUHIOHFWV WKHHQWLUHZDYHHQHUJ\DQGWKHVSDFH
EHKLQGWKHVWHHOVKHOOFDQQRWEHVHHQ
7KHUHVXOWVRIUHVHDUFKDUHVKRZQEHORZ3URFHVVHGJHRUDGDUGDWDLVSUHVHQWHGLQWKHIRUPRI%VFDQVSURILOHV
FRQVLVWLQJVLQJOHUDGDU WUDFHV$VFDQV7KHVFDQ OHQJWK LVPDUNHGRQ WKHKRUL]RQWDOD[LVZLWKZDYHSURSDJDWLRQ
YHORFLW\RQWKHYHUWLFDOD[LV,QWKHWRSOHIWKDQGFRUQHUWKHZDYHDPSOLWXGHDQGWKHDVVLJQHGVFDOHRIJUH\LVVKRZQ

)LJ/RQJLWXGLQDOFURVVVHFWLRQRIWKHFXOYHUWVFDQQRZLWKVWUXFWXUDOHOHPHQWVLQGLFDWHG
)LJSUHVHQWVDORQJLWXGLQDOFURVVVHFWLRQRIWKHIHDWXUHDWWDLQHGIRUVFDQQRLQDYLFLQLW\RIWKHURDGD[LV7KH
ZDWHUSURRILQJPHPEUDQHDSSHDUVIRUWKHGHOD\RIQVDQGWKHVWHHOVWUXFWXUHIRUWKHGHOD\RIQV7KHVH
HOHPHQWVDUH³HOHYDWHG´UHODWLYHWRUDGDUJUDPVDWWDLQHGIDUWKHUDZD\IURPWKHURDGD[LV7KLVDQRPDO\LVWKHUHVXOWRI
DQLQFUHDVHGZDYHSURSDJDWLRQYHORFLW\LQWKHPHGLXPSUREDEO\FDXVHGE\ORZHUFRPSDFWLRQGHJUHHRIDSDUWRIWKH
0&VXEEDVHOD\HU7KHVXEEDVHZDVPDQXIDFWXUHGLQVWDJHVDQGORFDWLRQVRIWKHDQRPDOLHVFRUUHVSRQGWRWKHORFDWLRQV
RIWKHMRLQWEHWZHHQVXEEDVHVWULSVLQWKHURDGD[LV7KHSKHQRPHQRQFDQEHREVHUYHGRQWKHVFDQWUDQVYHUVHWRWKH
URDGD[LVDVZHOODV WKHWRPRJUDSK\LPDJHV&VFDQV)LJVKRZVWKHGLIIHUHQFHVLQWLPHVRIZDYHSURSDJDWLRQ
EHWZHHQWKH0&VXEEDVHVDQGEDFNILOOLQWHUIDFHDQGZDWHUSURRILQJPHPEUDQHLQWHUIDFH

)LJ/RQJLWXGLQDOFURVVVHFWLRQRIWKHFXOYHUWVFDQQRZLWKGLIIHUHQFHVEHWZHHQWKHHOHFWURPDJQHWLFZDYHSURSDJDWLRQWLPHVRI
VXEVHTXHQWLQWHUIDFHVDQGVWUXFWXUDOHOHPHQWVLQGLFDWHG
177 Łukasz Kosno et al. /  Procedia Engineering  156 ( 2016 )  172 – 179 
7KHLQWHUIDFHVWKDWFDQEHREVHUYHGRQ)LJDUHFRQWLQXRXVZLWKQRWUDFHDEOHIDXOWVZKLFKLVHVSHFLDOO\FOHDULQ
WKHULJKWSDUWRIWKHUDGDUJUDP,WFDQEHDVVXPHGWKDWLQWKHXSSHUOD\HUVWKHUHDUHQRDUHDVRIYDULHGGHQVLW\RURWKHU
DQRPDOLHVWKDWFRXOGKDYHDVLJQLILFDQWLQIOXHQFHRQWKHZDYHSURSDJDWLRQYHORFLW\7KHZDWHUSURRILQJPHPEUDQH
DSSHDUVIRUWKHGHOD\RIQVDQGWKHVWHHOVWUXFWXUHIRUWKHGHOD\RIQV7KHVHYDOXHVPDWFKWKHRQHVRQ
SURILOH DQG DUHQRWLFHDEO\KLJKHU WKDQ WKRVHRQSURILOHZKDWPD\ LQGLFDWHXQLIRUPFRPSDFWLRQRI WKH0&
VXEEDVHOD\HULQWKLVDUHD
7KHHOHFWURPDJQHWLFZDYHSURSDJDWLRQWLPHGHQRWHGEHWZHHQWKHLQWHUIDFHVLVYDULDEOH7KHPD[LPXPYDOXHRI
QV LV UHDFKHG DW RUGLQDWH; P7KLVSURSDJDWLRQ WLPH FRUUHVSRQGV WR WKH WKLFNQHVV RI FP IRU DVVXPHG
SURSDJDWLRQYHORFLW\RIFPQV$QRWKHU ORFDOPD[LPXPRIQVLVUHDFKHGDWRUGLQDWH; P7KHGLVWDQFH
EHWZHHQWKHOD\HUVGHFUHDVHVWRQVDERYHWKHFURZQRIWKHVWUXFWXUHDQGWRQVDWWKHORQJHUGLVWDQFHIURPLW
'HSUHVVLRQVRIWKHZDWHUSURRILQJPHPEUDQHDSSHDUDWWKHVLWHVRIORFDOPD[LPD
$FFRUGLQJWRWKHGHWDLOHGGHVLJQWKHZDWHUSURRILQJPHPEUDQHVKRXOGKDYHURRIOLNHVORSHRI,WKDVWREHQRWHG
WKDWWKHURDGRYHUWKHFXOYHUWKDVDORQJLWXGLQDOVORSHWKDWLVWKHURDGOHYHOGHFUHDVHVIURPOHIWWRULJKW7KHVORSH
VKRXOG VKRZ WKH YLVLEOH LQWHUIDFHV LQFOLQHG LQYHUVHO\ UHODWLYH WR WKH URDG VORSH 7KH OHYHO RI WKH ZDWHUSURRILQJ
PHPEUDQHYLVLEOHRQ WKH UDGDUJUDPVKRXOGEH ORZHURQ WKH OHIW VLGHRI WKHVWUXFWXUHDQGKLJKHURQ WKH ULJKWVLGH
+RZHYHUWKHVORSHRIWKHZDWHUSURRILQJPHPEUDQHLVRSSRVLWHWRWKHGHVLJQVORSHRQERWKVLGHVRIWKHVWUXFWXUH
(YHQ DW WKH FRQVHUYDWLYH DVVXPSWLRQ WKDW WKH REVHUYHG LQWHUIDFHV DUH GLVWRUWHG E\ WKH GLIIHUHQFHV LQ WKHZDYH
SURSDJDWLRQYHORFLWLHVFDXVHGE\WKHYDULDWLRQVLQFRPSDFWLRQGHJUHHRIWKHOD\HUVO\LQJKLJKHUDQGVORSHRIWKHURDG
WKHGLIIHUHQFHVLQWKHZDYHSURSDJDWLRQWLPHVLQWKHVDQGEDFNILOODERYHWKHPHPEUDQHDWORFDOGHSUHVVLRQVLQ; 
DQG; PDUHQVUHODWLYHWRWKHFURZQDQGQVUHODWLYHWRWKHWLPHVPHDVXUHGIRUWKHQHLJKERXULQJ
OHYHOV RQ WKH H[WHUQDO VLGH $W WKH DVVXPHG HOHFWURPDJQHWLF ZDYH SURSDJDWLRQ YHORFLW\ LQ WKH VDQG EDFNILOO RI
FPQVWKHVHYDOXHVFRUUHVSRQGWRWKHGHSUHVVLRQVZLWKDGHSWKLQWKHUDQJHFPUHODWLYHWRWKHFURZQDQG
FPUHODWLYHWRWKHWLPHVPHDVXUHGIRUWKHOHYHOVRQWKHH[WHUQDOVLGH7KHGHVLJQVORSHRIWKHZDWHUSURRILQJ
PHPEUDQHRIFPPPD\KLQGHUSURSHUGUDLQDJHLQWKHVWUXFWXUH7KLVLQWXUQPD\DIIHFWLWVVHUYLFHOLIHDVVWDJQDWLQJ
ZDWHU FDQ IUHH]H DQG WKDZ ORFDOO\ FDXVLQJ WKH OLIWLQJ DQG ORZHULQJ RI WKH OD\HUV ORFDWHG DERYH DQG OHDGLQJ WR
GHJUDGDWLRQRIWKHVWUXFWXUH)LJSUHVHQWVDQRPDOLHVGHVFULEHGDERYH

)LJ/RQJLWXGLQDOFURVVVHFWLRQRIWKHFXOYHUWVFDQQRZLWKGLIIHUHQFHVEHWZHHQWKHZDYHSURSDJDWLRQWLPHVRIVXEVHTXHQWLQWHUIDFHV
)LJSUHVHQWVWKHFURVVVHFWLRQRIWKHLQYHVWLJDWHGFXOYHUW7KH³HOHYDWLRQ´RIWKHVWHHOVWUXFWXUHVDQGEDFNILOODQG
ZDWHUSURRILQJPHPEUDQHFDQEHREVHUYHG7KLVHOHYDWLRQLVDUHVXOWRIWKHQRWLFHDEOHLQFUHDVHLQWKHHOHFWURPDJQHWLF
ZDYHSURSDJDWLRQYHORFLW\LQWKHPHGLXPLQGXFHGSUREDEO\E\WKHFKDQJHVLQFRPSDFWLRQGHJUHH7KHOLQHVRIWKH
VDQGEDFNILOOVWHHOVWUXFWXUHZDWHUSURRILQJPHPEUDQHDQGWKH0&VXEEDVHVDQGEDFNILOOLQWHUIDFHUXQLQSDUDOOHOWR
HDFKRWKHU,WPD\VXJJHVWWKDWWKHDUHDRILQVXIILFLHQWFRPSDFWLRQLVORFDWHGLQWKH0&VXEEDVHOD\HU7KLVDOVRLPSOLHV
WKDWWKHVDQGEDFNILOOOD\HUVDUHKRPRJHQHRXVDQGWKXVXQLIRUPO\FRPSDFWHG7KLVSKHQRPHQRQFDQEHREVHUYHGRYHU
WKHHQWLUHVFDQQLQJDUHDDORQJWKHURDGD[LV
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
)LJ7UDQVYHUVHFURVVVHFWLRQRIWKHFXOYHUWVFDQQRZLWKVWUXFWXUDOHOHPHQWVLQGLFDWHG
7KHWRPRJUDSKLFLPDJHV&VFDQVDUHJHQHUDWHGIRUWKHGHOD\VQVQVQVDQGQV7KHWLPHJLYHQ
UHIHUVWRWKHGLVWDQFHWKHZDYHSURSDJDWHVWRWKHIHDWXUHVXUYH\HGDQGEDFN7KHILUVW LPDJHIRUDGHOD\RIQV
VKRZVDFURVVVHFWLRQRI WKH0&VXEEDVH OD\HU5HGFRORXUFRUUHVSRQGV WR ORZHUSURSDJDWLRQYHORFLW\DQGKLJKHU
DPSOLWXGHRIWKHZDYH7KHVHPLFLUFXODUVKDSHVFRUUHVSRQGWRWKHUHJLRQVZLWKKLJKHUFRPSDFWLRQGHJUHH7KLVSDWWHUQ
ZDVSUREDEO\DUHVXOWRIVSUHDGLQJSLOHVRI0&PL[WXUHVXSSOLHGIURPWKHSODQWDQGFRPSDFWLQJVXEVHTXHQWSODFHPHQW
DUHDV,WKDVWREHQRWHGWKDWWKHVFDQQHGDUHDFRYHUHGRQO\WKHURDGZD\7KLVH[SODLQVWKHDV\PPHWU\RIWKHSDWWHUQ
FXWRIIDWWKHERWWRPSDUWRIWKHLPDJH
)LJESUHVHQWVWKHWRPRJUDSKLFLPDJHIRUGHOD\RIQV7KHUHJLRQRIUHGFRORXUUXQQLQJDORQJWKHURDGD[LV
LVYLVLEOHLQWKHPLGKHLJKWRIWKHUDGDUJUDP7KLVLVDSRUWLRQRIWKHZDWHUSURRILQJPHPEUDQHLQWHUIDFH(OHYDWLRQRI
LWVLPDJHZDVDUHVXOWRIWKHLQFUHDVHLQWKHZDYHSURSDJDWLRQYHORFLW\DWWKHMRLQWEHWZHHQWKHVWULSVRI0&VXEEDVH
7KLVSKHQRPHQRQDOVRGLVWRUWVWKHLPDJHRIWKHORZHUO\LQJIHDWXUHV7KHFHQWUHRIWKHVWHHOVKHOOORFDWHGXQGHUWKH
VXEEDVHDUHDZLWKDORZHUGHJUHHRIFRPSDFWLRQDSSHDUVRQWRPRJUDSKLFLPDJHVIRUFRQVLGHUDEO\ORZHUGHOD\VWKDQ
IRUWKHUHPDLQLQJSRUWLRQVRIWKHVWHHOVWUXFWXUHDVVKRZQRQ)LJ








)LJDWRPRJUDSKLFLPDJHJHQHUDWHGIRUWKHGHOD\RIQVEWRPRJUDSKLFLPDJHJHQHUDWHGIRUWKHGHOD\RIQV
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








)LJDWRPRJUDSKLFLPDJHJHQHUDWHGIRUWKHGHOD\RIQVEWRPRJUDSKLFLPDJHJHQHUDWHGIRUWKHGHOD\RIQV
&RQFOXVLRQV
7KH*35PHWKRGLVQRZRQHRIWKHPRVWSRSXODUQRQGHVWUXFWLYHWHVWLQJPHWKRGV,WLVZLGHO\XVHGHVSHFLDOO\LQWKH
FRQVWUXFWLRQ RI WUDQVSRUW LQIUDVWUXFWXUH ZKHUH LW LV DSSOLHG IRU DVVHVVPHQW RI WKH FRQGLWLRQ RI URDG DQG DLUILHOG
SDYHPHQWVUDLOZD\HPEDQNPHQWVRUFODVVLFDOEULGJHVWUXFWXUHV,WKDVWREHQRWHGWKDWLQVSLWHRIQXPHURXVDGYDQWDJHV
WKLVPHWKRGKDVQRWEHHQFRPPRQO\XVHGIRUWKHQRQGHVWUXFWLYHWHVWLQJRIIOH[LEOHVRLOVWHHOVWUXFWXUHV7KHPDMRU
OLPLWDWLRQ RI JHRUDGDU PHWKRG ZKLFK DUH GLIILFXOWLHV LQ LQWHUSUHWDWLRQ RI VXUYH\ GDWD PD\ EH WKH UHDVRQ 7KH
DSSOLFDWLRQRI WKH*35PHWKRGIRU WKHIOH[LEOHVRLOVWHHOVWUXFWXUH WHVWLQJDVGLVFXVVHG LQ WKLVDUWLFOHDOORZHGWKH
VFDQQLQJRIVWUXFWXUDOOD\HUVGHWHUPLQLQJWKHORFDWLRQRIGUDLQHOHPHQWVDQGHYDOXDWLQJWKHTXDOLW\RIZRUNFRQGXFWHG
LQVXEVXUIDFHLQDFFHVVLEOHGHSWKV
7KHUHVHDUFKLQGLFDWHGSRWHQWLDOSUREOHPVUHODWHGWRLPSURSHUEDFNILOOGUDLQDJHZKLFKPD\OHDGWRIDLOXUHRUHYHQ
GLVDVWHUGXH WR WKHDFWLRQRIZDWHUDQG ORZWHPSHUDWXUHV7KHDUHDVZLWKD ORZHUGHJUHHRIFRPSDFWLRQZHUHDOVR
GHWHFWHG
7KH*35PHWKRGPD\EHRIFRQVLGHUDEOHYDOXHLQWKHFDVHRIIOH[LEOHVRLOVWHHOVWUXFWXUHV,WFDQEHXVHGDVDQHIILFLHQW
WRROIRUWKHHYDOXDWLRQRIWKHTXDOLW\RIZRUNGRQHILQDOLQVSHFWLRQDQGIRUWKHLGHQWLILFDWLRQRISRRUZRUNPDQVKLS
ZKHQWKHUHLVDQHHGIRUIXUWKHUPRUHGHWDLOHGWHVWVZLWKWKHXVHRIIRUH[DPSOHDOLJKWZHLJKWG\QDPLFSHQHWURPHWHU
7KH*35VXUYH\VFDQDOVREHDKHOSIXOWRROIRUWKHHYDOXDWLRQRIWHFKQLFDOFRQGLWLRQRIH[LVWLQJVWUXFWXUHVDQGZKLOH
SODQQLQJWKHUDQJHRIUHSDLUZRUNVWREHGRQH
5HIHUHQFHV
>@-DQXV]/0DGDM$2ELHNW\LQĪ\QLHUVNLH]EODFKIDOLVW\FK3URMHNWRZDQLHLZ\NRQDZVWZR:\GDZQLFWZD.RPXQLNDFMLLàąF]QRĞFL:DUV]DZD

>@0DFKHOVNL&]0RGHORZDQLHPRVWRZ\FKNRQVWUXNFMLJUXQWRZRSRZáRNRZ\FK'ROQRĞOąVNLH:\GDZQLFWZR(GXNDF\MQH:URFáDZ
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